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It is estimated

that there are

tens of thousands

of sites across the

country in need

of remediation.

Finding a way

to clean them up

in a safe, cost-

effective and

environmentally

responsible way

is a challenge.

Now, a new-

technology is

revolutionizing

the remediation

of contaminated

sites - In Situ

Thermal Desorption.

WHAT IS IN SITU THERMAL

DESORPTION?

In Situ Thermal Desorption is A novel

remediation process ottering a cost-

effective solution to difficult cleanup

problems. It remediates a v a r i e t y of

organic contaminants w i t h o u t h.rving

to excavate the soil The process is

sate, low p ro f i l e , v i r t u a l l y d u s t -

and odor-tree. There are current ly

two forms ol the technology:

Thermal Blankets and Thermal Wells.

WHAT ARE THERMAL

BLANKETS?

The Thermal Blanket works l ike a

large electric blanket and a powerful

vacuum cleaner. Shel l s simulations

suggest that the Thermal B lanke t , used

tor surficial contamination, work.s to a

depth ot approximately three leet.

I ypically. each Blanket is made

up ot an H1 by 20' steel box. Suspend-

ed from the bottom of the box is a

layer of stainless steel webbing, which

l ( K ) k s l ike chain l i n k f ence . -Hea t ing

element rods are threaded through

the webbing to t rans fe r heal into the

soil Ix-low the Blanket. A 12" layer of

insulat ion t i l l s the box to conserve

heal. An empty spate is l e f t between

the insula t ion and the webbing to

allow tor vapor collection. Several

Blankets set up side-by-side increases

the total area treated at one t ime.

Contaminants are vapon/ed •

by heating the soil with the B lanke t .

Contaminated vapors-are then d r a \ \ n

- n i t ot the soil and th rough the

Blanket In a v a c u u m system. M1 v

con taminan t s are destroyed ;n the

extremely hot soil near ;he heal

source. Rema in ing vapors are i leaned

in a t ra i ler-mounted Vapor Treatment

System, e m i t t i n g only carbon dioxide

and water vapor in 'o the atmosphere

wHAT ARE THERMAL WELLS?

Thermal Wells use the same scientific

process a.s Thermal Blankets , except

t h a t heating elements are placed in

wellbore.s drilled on a regular pa t t e rn

Typical Well spacmgs can be seven to

ten feet. A.s the heat from Thermal

Wells vaponxes .soil contaminants, a

vacuum applied to each well draws

the contaminants out of the ground

Wells can be dr i l led ver t ica l ly to

the contaminated /one, possibly as

deep as several hundred feet . They

may reach horizontal ly under operat

ing f a c i l i t i e s , roadways and th rough

concrete and other structures simu

la t ions suggest tha t Thermal Wells

can work bcflh above and below the
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water [able Trea lmei r o t the s a t u r a t -

ed /.one can be a c h i e v e d ;! ihe site is

managed to debater the t reatment

/.one and to limit recharge rates. The

technology is cur ren t ly being held

tested and should be -. ommercia l ly

avai lable in 1W

WHAT ARE THE BENEFITS

OF TERRATHERM S

IN SITU THERMAL

DESORPTION?

TerraThenn's In S i tu Thermal

Desorption technology has al l the

safety and e n v i r o n m e n t a l advantages

< it in s i t u r emed ia t ion processes [ i

e l i m i n a t e s e v a v a t i o n a m ; h a u l i n g ,

i t is dust and odor t ree , pn A i d e s

! | inet . lovx prof i le operations w i t h

m i n i m a l neighborhood d i s r u p t i o n s ;

and has no long- te rm disposal

l i a b i l i t y in l a n d f i l l s I n add;! i< H I .

TerraThenn's t echno logy provuies

benefits, not loiind in > < > n \ e n i n > u a i

remediation tec!- .ni i ]ues

• In s i t u r emedia t ion ut a m i x of

vo la t i l e and s e m i - v o l a t i l e organii

compounds

• (leans to very iow res idual levels

• Works in heterogeneous so i i s

inc lud ing lo \ \ -permeabi l i ty days

• Potential to \ \ork ir, both

unsatura ted and. .saturated /ones

• Cost-eHective so lu t ion tor d i t t u u i t

cleanup problems

• I ' see l tor s u r t i c i a l and dc-eper

ci j n t a m m a i e c i /< mcs

• Can be used w i t h o u t s h u t t i n g

di iwn norsr..11 i ' p e r a t i i 'Us

• Mi i s i l v (i. )2 a.nd H2'. ) released

• I a.-test in s i t u remediat ion

• I 'r.hanced pn >ieu design via s;te

s p e c i f i c s i m u l a t i o n s oj the proi ess

HOW DOES THE THERMAL

BLANKET SYSTEM WORK?

In the Thermal Blanket process, the

Blankets are first placed, over the

contaminated area. A silicone rubber

vapor barrier is l a id over the B lanke t s

and sealed around t h e 1 per imeter .

The suction port f . o m each B l a n k e t

is connected to the p 'p ing n tan i to id .

wh ich feeds to the Vapor T r e a t m e n t

System

When the Blankets are in p l a t e ,

the trailer-mounted Vapor Treatment

System draws a v a c u u m under the

Blankets u s ing a main and bac k u p

blovxcT. This sucks vapors up

i h n H i g h the s t > i l .

l ! i e t h e r m a l i ixu i i /e r • >n the

Vapor Treatment S\s tem is a ll .ime

less design wi th W V>1> : d e s t r u c t i v e

eff ic iency. Any vo la t i l e c o n t a m i n a n t s

d r a \ v n out ol the cool soil :n t h i s

ear iv stage are either oxidi/ed i" : l ie

t h e r m a l oxidi/er or adsorbed,on t!;e

a c t i v a t e d carbon adsorber

The next step involves hea t ing

the soil to remove the c o n t a m i n a n t s .

As the Blanket temperature rises to a

taru'et of SOU0-1 ,Oi>0°C. heat from i h e -

B lanke t is transferred in to t h e ground

by thermal conduction.

Because ot soil moisture', t i le '

temperature rises f i r s t to luO°C and

stabilizes temporarily u n t i l all ol the

moisture- is boiled off During t h a t

lime, volatile contaminants are-

removed by evaporation and steam

d i s t i l l a t i o n In this ca r lv stage- ol Heal

ing. some organic c o n t a m i n a n t s max

reach the soil surface i n t a c t but are

s t i l l destroyed in the t h e r m a l oxidi /cr

( ) l l e e t h e - soil is d.rie 'd. t h e ' t c T i i

pc ra tu rc rise's above lno"C u n t i l i l

re -ache^ a predetermined target t e rn

pera ture set ac 'c 'ording to t h e - bo i l ing

point ot the contaminants being

i r e a l e e i M u r i n g t h i s i reamicrn pe r iod ,

even lo\x v o l a t J n y organic c o i , :

pounds are vapori/ed and draxvn

upward through, the' soil into t h e

' I 'hermal B lanke t and Vapor

f rea tment Svs1en:

A s ihex m o v e - upwards , t i n - > • - i :

l a m i n a t e d vapor s pass t h r o i ' ^ : ^ I R

ee 'ss; \c 'K !;otte'[- layeTs o' sol i , \ x i k - r e

main are- destroyed t h e r m a l l y on t h e 1

hot surfaces ot the soil granule 's

Residual organic s t h a t are not o x i -

di/ed in the- soil are remediated in

the ' flameless the rma l oxidi /er 01

adsi >rhed on t h e - a c l i v a t e \ l e ' . i rb i •::

l e - a v mg \ i r t , . . . i l i \ < ' i l l y e ' . i r b i M I ; i : > ; \ i , i i

and v . \ a t e ' i " in t i l e - ,ur c ' t n i s s i c ' t i s

l i i e ' t i n a l stc-p mxoix 'c ' s c < v , i ;mu

do\\ n the 'IT.ermai B l a n k e t s \ \ h i l c

m a i n t a i n i n g suc ' i i on . Once1 t h e -

ground s u r t . u c ' has c i io led. the

Blanke ts can then be- sale!\ d isman

lied and n i o v e ' i l to t r e a t ano ther a:x-a

The remc'diate 'd area is now reacix lor

i ' c ' \ ege ta tn m

Thermocouple's at various

ground depths are1 used to closelv

mon i to r t h e - lempi- ramrc 1 t h r o u g h o i n

t h e - process f rom the on s i t e ' Cont ro l

T r . i i l e - r . soil samples a re - t aken prc.--

and posr - t rea lmenl A c t u a l resul t s

iron; t empera tu re - moni tor ing and

soil sampling at test sites agree v\ - . th

TerraTherm s n u m e r i c a l s imulat ions

HOW DO THERMAL WEI.LS

WORK?

As mentioned ear l i e r , the I h e - r m a !

Wells use- t h e sank- In s i t u ' I ' he rma l

DC-SI i rpl ion p r i x c - s s as the Thermal

Blar .ke - ! s Heat i r .g e l c - n n - n t s a re- p l a c e d

in \ ;u i i u m ^ i i i t i o n XX'e l i s dnl le -d i HI a

r egu la r pa t t e rn . The' same Vapor

Trealmc 'n t ^vstem is ..isc'd tor bot!;

Thermal \ \ e l N .aid The-rmal Blankc- i s



HOW LONG DOES IN SITU

THERMAL DESORPTION

TAKE?

Treatment period-- depend on

a nunibe i ot fac tors such as depth

ot i -on lamina i ion . soil moisture.

con taminant type 's , and soil types.

In general, Thermal Blanket t r e a t -

ments require as l i n k - as a tew c lays

ot operation per p lacement . 'The

present commercial system can treat

.-i,20(.i square feet per p l acemen t , i

In t h e - case ot Thermal Wells, the

Wells a re f i r s t d r i l l e d oxer the e n t i r e

area to be- remediated. Once ener-

gi/.ed. t h e - r e i i u - c l i a t i o n x \ i l ! t ake one

to two m o n t h s

• JOW DO YOU KNOW WHEN

II CLEANUP IS COMPLETE?

l - ' i rs t . rc ' t i ie 'dtaliot; lex els and c l eanup

l imi - s t a n be predicted bx c ompuler

s i m u l a t i o n in - lou - t h e - j o b s t a r t s A l t e r

t h a t , moni to r ing sx-stems and i lu -nno-

c o u p l e - probe's in the ' soil arc- u.seel to

me ' a s i i r e - t h e - progrc-ss o t i h c - l l u - r m a l

t r o n l t h r o u g h the so i l , l - . x p c - r i c - n i e ha -

s l i o x x ' n t h a t t h e T c ' is gi H id agrc 'cment

be'lvvccn t h e ' co i ; ipmer p ivdic l ions

and a c t u a l r e - s u l l s . PR-- and posl-

t r ea imen t samples are used to x e r i f y

the t rea tme-n t

WHAT ABOUT AIR EMISSIONS

USING THIS TECHNOLOGY?

Terra Therm's In Si tu Thermal

Desorption sy.stein is de-signed to pre-

vent the- release of contaminants . Ai

the surface, the <'o]lected vapors are

sent through a tlamek-ss thermal oxi-

ih/er and an activated carbon adsor-

ber to ensure- t h a t v i r t u a l l y al l vapor-

i/.ed c o n t a m i n a n t s are- e i t h e r oxidi/.ed

or aelsorbc'd C o n t a m i n a n t , emiss ions

in f i e ld tests !or a n a t i o n w i d e TsCA

permit were c j u i l e low- exceeding

W.lW9'-:i «) • • n i n e s " ) des t rue ' t ion elh

c iene'v tor PCBs. and the - p r i n c i p a l

substance^ released to t h e - atmosphere-

were carbon dioxide and \ \a ter

wHAT REMEDIATION LEVELS

CAN BE ACHIEVED?

WHAT IF

THE SYSTEM LEAKS?

The last process step in t h e - Vapor

Treatment System inx 'o lv i -s a ma in

and backup v a c u u m blower system

that draws vapors through the ' rest

of the un i t . Thus, the en t i re s\ stem

'operates at sub-atmospheric ' pre-s

sures, and any leakage xvoulc l be

from the outside- into the s\-stem.

DOES THIS PROCESS

CREATE DUST?

With In Si tu Thermal Desorption.

there is no e x c a v a t i n g or h a u l i n g ,

no earth moving or soil t ranspor t .

therefore, v i r t u a l l y no dus t is created.

WHAT POLLUTANTS CAN

BE TREATED THIS WAY?

In Situ Thermal Desorption technolo-

gy c a n be used to remediate a wide

variety of volatile and semi-volatile

organic contaminants including-.

• PCBs

• Chlorinated solvents

• Pesticides

• Petroleum wastes

Field demonstrations are planned for

using the technology to remove and

collect low boiling point metals, such

as mercury, from soil. TerraThenn's

technology can be used in a x a r i e t x - ol

soils including low permeabi l i ty clays

and heterogeneous soil compositions

M an u p s t a t e - \ e - \x York site c o m . i n n

n a l e - e i x x i t h P< B I c x c K a-, h igh as

S l u m ppm. 1'CB re s idua l s a l t e r t r ea t

n ic -n t were less ih,m 2 ppm s i g n i f i -

c a n t l y lo\\er than Ne\\ % ork State

and federa l cleanup requirements.

WHAT HAPPENS

TO HALOGENS FROM

PCBs AND

SIMILAR MATERIALS?

When PCBs and other halogenated

hydrocarbons are- remediated, acids

l i k e - HC! are produced At the higher

soil temperatures, these acids a re

rapid ly stabih/ed In p r e c i p i t a t i o n

w i t h n a t u r a l soil elements, principal ly

carbonates and iron The resulting

c h l o r i d e ' s are- harmless and \cr\ sta-

ble l .xpcnenev n - m c - c l i a t i n g PCBs

shows t h a t acid gas emissions t x ' p i -

I ' . i l l x " arc- xvrv low

I S THE SOIL ALTERED

BY THIS PROCESS?

No l- ' .xeept tor soil d e - w a t e r i n g ihe

operat ing temperature is not high

enough to affect the structural

integrity of the- soil materials

DOES THIS PROCESS

PREVENT REVEGE1ATION

AFTER TREATMENT

IS COMPLETE?

No. Immediately a f t e r t reatme-nt by

In Situ Thermal Desorption. the- soil

is sterile But experience- shows thai

recovery wi l l lx- rapid. If the soil is

disked, tertili/e'd and seeded fo l low-

ing normal revegetation p r a c t i c e ' s ,

regroxvth d u r i n g t h e - f i r s t urowmi:



season a f t e r t reatment should be as

good as wi th any other soil . One

example in upstate New York even

showed that xveeds, moss and other

vegetation can natural ly cover a treat-

ed area wi th in one growing season

xvithoul any f e r t i f i / a t i o n or other

in te rv ' -n ( ion

DOES SOIL PERMEABILITY

AFFECT REMEDIATION

PERFORMANCE?

In Situ Thermal Desorption has been

found to operate' very well on most

high- and low-pern ieah i l i lx soils

Compared w i t h l i qu id in ve i r en t .

x'apon/c'd c o n t a m i n a n t - m o v e e - a s i l \

through t i g h t e r soi ls , and t h e ' pa th o l

least res,stance is always towards the

loxv-pre.ssure /one- c rea-ted bv the

x-apor c o l l e ' c t ion syMen;

DOES SOIL MOISTURE

AFFECT PERFORMANCE?

High soil moisture1 does not necessar-

ily preclude the use ot these- tech-

nologies. However, t h e - energy c o s t

to eompletc remediation rises w i th

the amount of water t ha t must be

vapori/c'd dur ing t rea tment Pilot

tests are typical ly conducted dur ing

the design phase- for any projec t to

confirm tha t In Situ 'I 'hermal

Desorption will tie effective at eae'h

site and to confirm cost assumptions

With aquiier controls to l i m i t

recharge rates from areas upgradient

and site management to de-water

locutions if necessary, In Situ Thermal

Desorption can Ix- v.sed to treat satu-

rated as well as unsaturated sites.

HOW DEEP IS THIS

TECHNOLOGY EFFECTIVE?

TerraThenn's simulat ions suggest ( h a t

Thermal Blankets are effective to a

depth of approximately three fee t .

Thermal Wells may be drilled xe r t i -

cally to depths ot several hundred

tc-et and extended hon /on t a l l v to

rc-ai h contamina ted areas prc-v iou.slv

t h o u g h t u n l r e a i a b l e

WHERE HAS THIS SYSTEM

BEEN USED?

The' Thermal B l a n k e t has been used on

t h e - Cult. Coast, in Colorado and in an-

state New York. Testing ot the Thermal

\VelK got under x x a x in la te - iwn

IS REGULATORY APPROVAL

NEEDED BEFORE IN SITU

THERMAL DESORPTION

IS USED?

As wi th any remediation project,

some lex-el ot both state and federal

approval LS required. However, since

the flame'less thermal oxidi/er is i.Tas-

sitie'd a.s an "other" air emissions ion -

trol device, a i r permits t y p i c a l l y can

be obtained in a re la t ixvly short t i m e - .

State approvals under Voluntary

Cleanup Initiatives can usually be

obtained as qu ick ly

HOW MUCH DOES IT COST?

This depends on a v a r i e t y of f a c t o r s

such as depth ot c o n t a m i n a t i o n , soil

mois tu re ' , and e 'on tammant types In

general. In S i tu Thermal Desorption

is cost-competitive for ' I 'M .A and

KC.KA wastes w i t h a l t e r n a t i v e -

processes since c ' x c a x a t i o n . h a u l i n g ,

b.ie k l i l i i n g ar.d < >tt si;c dispi is.u i - r

I I H r i l e - r a l i o n a r e - n o t i e ' c | i n i ' e ' d A l s o ,

i n m a n y i n d u s t r i a l a n d u t i l i i x app l i ca

tions. remc'diation car , usualK be-

completes! w i t h m i n i m a l d i s rupt ion

to ongoing operations, re-ducing i h c -

oxera l l cost i m p a c t A low i ost pi lot

test using I e ' r ra ' I hc ' rm 's M o b i l e -

Demonstration I ' m i ca r . be pe-f

tonnc-d on s i t e 1 Tins cm provide

|>l'Oe'e'ss c ' t t i e ' i e n c x and i ost e ' s l i m a l e - s

HOW DO I GET

THIS SERVICE?

She'll Technology \ e n t u r e s I n c has

created 'I'e-rraTherm K n v i r o n m e n l a l

Ser\ice's Inc , to provide 1 The-nna i

Blanket and Thermal Well sen ices.

You can reach them at the- address

and te lephone- numbers beloxx

TERRATHERM
ENVIRONMENTAL SERVICES INC.

10077 GrogansMill Road
The Woodlands. TX 77380
Tel: (800)200-5288
Fax: (281)296-1049

An Affiliate of Shell Technology Ventures Inc.
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